Seven tomato cultivars were studied for compositional changes during ripening at green, breaker, turner, and ripe stages. Result indicated changes in total soluble solids (4.15 to 6.62 g/100 g), acidity (0.36 to 0.54 g/100 g), reducing sugars (0.76 to 4.04 g/100 g), total sugars (1.67 to 5.52 g/100 g), lycopene in skin (0.07 to 14.28 mg/100 g), and in pulp (0.04 to 6.73 mg/ 100 g) during ripening from green to red ripe stage. Cultivar UC-828 was found superior with respect to total soluble solids (6.62 g/100 g), reducing sugars (4.04 g/100 g), and total sugars 
INTRODUCTION
Tomato (Lycopersicon esculentum) constitutes one of the major vegetable crops around the world. Its quality depends upon the many factors such as cultivars, growing conditions, and on-or off-vine ripening. Tomatoes ripened on vine have better flavour where as ripened off vine reduces time to harvest, increases turnover, allows longer time for transportation and distribution, and increases shelf life. [1] The conversion of tomato fruit from the mature green to fully ripe state involves dramatic changes in color, flavour, and texture. The soluble solids depend on starch accumulation during the rapid growth phase of development. [2, 3] Sugars contribute 65 to 70% of the total soluble solids in a tomato fruit. [4] The organic acids in tomatoes consist mainly of citric and malic acids. The concentration of former increases to a maximum at the mature green stage and then remains constant during ripening, where as the concentration of later one decreases. The ratio of malic to citric acid falls from 1.3 to 0.6 during ripening. [5] Sugars, acids, and their interactions are important to sweetness, sourness, and overall flavor intensity in tomatoes. [6] The major groups of pigments found in tomato are the chlorophyll and carotenoids. In green fruits the predominant pigment comprises a mixture of chlorophyll a and chlorophyll b. [7] The lycopene biosynthesis increases dramatically during the ripening process as chloroplasts undergo transformation to chromoplasts. [8] The lycopene content increased from 0.025 mg/100 g to over ripe tomatoes 7.050 mg /100 g, respectively. [9] Color changes are attributed by the ripening and represent a key attribute, along with texture, for the determination of eating quality. The present work was under taken to study the newly developed and existing tomato cultivars for physicochemical changes during ripening.
MATERIALS AND METHODS

Raw Materials
Tomato cultivars (8-2-1-2-5, Castle Rock, IPA-3,UC-828, Pb Chhuhra, WIR-4285, and WIR-4329) of tomato harvested at mature green stages were obtained from Department of Vegetable, Punjab Agricultural University, Ludhiana, India. Fruits were sorted for uniformity of size, color, and freedom from blemishes. About one hundred tomatoes of each cultivar were placed in a chamber maintained at 20 ± 2 °C and 90-92 % RH. Random samples of 10 to 15 tomatoes were taken at each stage for analysis.
Physicochemical Analysis
Whole tomatoes were homogenized in a blender. Total soluble solids were quantified by using Abbe Mat Refractometer (Milton Roy Co., USA) at 21°C. Titrable acidity (as anhydrous citric acid) was determined using a pH meter (Elico, India). The homogenized samples were diluted with distilled demonized water (1:1 v/v), and the mixture was titrated to pH 8.1 with 0.1 N NaOH. [10] Reducing and total sugars were determined according to Lane and Eyon method. [11] Invert sugar reduces the copper in Fehling's solution to red, insoluble cuprous oxide. The sugar content in a food sample is estimated by determining the volume of the unknown sugar solution required to completely reduce a measured volume of Fehling's solution.
Lycopene
Skin or pulp (2 g) was extracted with 50 ml solvent (hexane: acetone: ethanol, 2:1:1) containing 0.05 g/100 ml butylated hydroxy toluene (BHT) till it become colorless. The extract was filtered and diluted with water and non-polar phase was collected. The absorbance of the lycopene hexane solution was measured at 503 nm. Lycopene concentration was computed on specific extinction coefficient 17.2 × 10 4 mol cm −1 .
[12]
Color
The Hunter Color lab (Hunter Associates Laboratory, Reston, VA, USA, 45°/0°g eometry, 10° observer) was calibrated and then color of pulp was measured. The 'a' (green-red) and 'b' (yellow-blue) values were used to calculate the hue angle [tan
Puncture Test
Puncture strength at different ripening stages was measured with a texture analyzer (TAXT2, Stable Micro System, UK). Samples were placed on a heavy-duty platform and a cylindrical probe with 2 mm diameter at 1 mm/s test speed was allowed to penetrate up to a distance of 10 mm around the equatorial area. Peak force was measured around the equatorial region of tomatoes of different ripening stages, and the average of three values was reported. [13] The data analysis was performed using the texture analysis software (TEE32, Stable Microsystems, UK).
Statistical Analysis
Analysis of variance (ANOVA) was performed to study the variation among the tomato cultivars and the ripening parameters. Duncan's multiple range test was used for pair wise comparison to classify the cultivars using statistical software SPSS 7.5 version. Evaluation was based on a 5% significance level.
RESULTS AND DISCUSSION
Total Soluble Solids (TSS)
Tomato homogenates showed a considerable increase in TSS from 4.15 to 6.62 g/100 g as ripening progressed from green to ripe stage ( Table 1 ). The cultivar UC-828 showed the highest soluble solids at green (4.85 g/100 g), breaker (5.41 g/100 g), turner (5.87 g/100 g), and ripe (6.62 g/100 g) stages. ANOVA showed a significant (p ≤ 0.05) variation in TSS at different stages of ripening as well as among the cultivars. Duncan Multiple range test showed that cultivars Pb Chhuhra and WIR-4285 could be classified into group a, WIR-4329 and IPA-3 in group b, Castle Rock and 8-2-1-2-5 in group c, and UC-828 in group d. There were no significant differences within the group but a different group showed significant change in TSS at ripe stage. These values of TSS were quite similar to those reported in previous studies. [14, 15] Increase in total soluble solids during fruit ripening was due to conversion of starch to sugars. [16, 17] Different cultivars showed different TSS due to inherent characteristics.
Acidity
In general, a slight increase in acidity was observed in all cultivars. IPA-3 showed the highest value of acidity (0.43-0.54 g/100 g) while WIR-4329 showed lowest values (0.36-0.43 g/100 g). ANOVA did not show any significant change in acidity from green to ripe stages for the seven cultivars (Table 1) . Thus, the results of the current study are in compliance with earlier studies, which reported acidity in the range of 0.4-0.7 g/100 g. [14, 18] 
Reducing and Total Sugars
Reducing and total sugars of tomato homogenate increased as ripening proceeded from mature green to ripe stage ( Table 2) . UC-828 showed highest value of reducing (1.33-4.04 g/ 100 g) and total sugars (1.52-5.52 g/100 g) from green to ripe stages, whereas WIR-4285 showed lowest values of reducing (0.76-2.20 g/100 g) and total (1.07-3.69 g/100 g) sugars.
ANOVA showed a significant increase in both reducing and total sugars (p < 0.05). Duncan multiple range test showed that in case of the reducing sugars, Pb Chhuhra and WIR-4285, they can be classified into group a, WIR-4329 and IPA-3 in group b, Castle rock, 8-2-1-2-5, and UC-828 in group c at ripe stage. Similarly, in the case of total sugars, the Pb Chhuhra and WIR-4285 can be classified into group a, WIR-4329 and IPA-3 in group b, Castle rock in group c, and 8-2-1-2-5 and UC-828 in group d. Cultivars within the same group showed insignificant change in reducing and total sugars, but a different group had significantly different sugar content. Previous studies reported that climacteric fruits, in particular, may show considerable Table 2 Changes in percent reducing and total sugars at green, breaker, turner and ripe stages of fifteen tomato cultivars (n = 3). Values expressed are mean ± standard deviation. Means in the same column with different letters were significantly different at P < 0.05.
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changes in sugar content during ripening. [19] [20] [21] [22] 15] Our results are in agreement with previous reported increase in reducing and total sugars from green to ripe stages.
Lycopene
All the tomato cultivars showed increase in lycopene content both in skin and pulp during ripening ( Table 3 ). The Cultivar 8-2-1-2-5 showed a highest increase from 0.09 to 14.28 mg/100 g in skin whereas 0.08 to 6.73 mg/100 g in pulp during the ripening process. The minimum increase was observed in WIR-4285 from 0.08 to 7.97 mg/100 g in skin and 0.06 to 3.12 mg/100 g in pulp. At green stage there was no variation in lycopene content among the cultivars, but at subsequent stages variation was evident depending on their ability to synthesize lycopene.
ANOVA showed that a significant increase in lycopene content during ripening in all cultivars. Duncan multiple range test revealed that lycopene content in skin at ripe stage classified WIR-4285 into group a, UC-828 into group b, IPA-3 into group c, WIR-4329 into group d, Pb Chhuhra into group e, Castle Rock into f, while 8-2-1-2-5 into group g. Whereas lycopene content in pulp at ripe stage classified WIR-4285 into group a, UC-828 and IPA-3 into group b, IPA-3 and WIR-4329 into group c, WIR-4329 and Pb Chhuhra into group d, Castle Rock into group e, while 8-2-1-2-5 into group f. The results reveal that on an average tomato peels had 2.5 times the lycopene content found in pulp. The lycopene content, vary in tomatoes due to maturity, cultivars, and heat treatment. [23, 24, 17] Drastic breakdown of chlorophyll was observed as ripening progressed. The destruction of chlorophyll from green to ripe stages may be due to the extensive accumulation of the carotenoids such as β-carotene and lycopene at turner and ripe stages. [25, 26] As tomatoes developed from mature green to ripe, the increase in carotenoids content was related to the increase in lycopene content. [9, 18] The lycopene content can said to be a good index to the level of maturation. Other studies also revealed a similar trend in lycopene content at different stages of maturity, ripening and cultivars. [27] [28] [29] Thus present results supports the earlier studies that lycopene content in tomato varies due to maturity and cultivars. Values expressed are mean ± standard deviation. Means in the same column with different letters were significantly different at P < 0.05.
Color
Hunter L a, b values were recorded at four stages of ripening. The Hunter 'a' values were negative (−9.31 to −5.92) at green stage indicating green color and then become positive during rest of the ripening stages ( Values expressed are mean ± standard deviation. Means in the same column with different letters were significantly different at P < 0.05.
Puncture Test
The puncture strength measured as peak force required to puncture the tomato during ripening. Decline in firmness/puncture strength with the increase in ripening stages is shown in Fig.1 . Puncture strength of the tomato at green stage was in the range of 8.83-10.52 N that was decreased to 2.28-4.81 N at ripe stage for the seven cultivars under investigation ( Table-6 ). Maximum firmness was reported for WIR-4285 where as least in Table 5 Changes in hunter color 'b/a' values and homogenate hue of tomato homogenate at green breaker, turner, and ripe stages (n = 3). The inter cultivar differences may be attributed to the variation in genetic makeup of the cultivars, which affect the physiological changes after the harvesting of the tomatoes. The difference at various ripening stages may be the activity of pectinases, which affect the middle lamellae of the cells and consequently lower the firmness. [30] 
Correlation of Lycopene with Other Parameters
The ripening of the tomatoes of seven cultivars was studied using different parameters and these parameters were correlated with lycopene content of skin and pulp. Results revealed that lycopene content showed good correlation with Hunter 'a' followed by Hunter 'b', puncture strength and total sugars (Table 7 ). This study indicated that lyco- Values expressed are mean ± standard deviation. Means in the same column with different letters were significantly different at P < 0.05. 
Classification of Cultivars
Duncan multiple range test was used to classify the cultivars into different groups and the same was summarized in the Table 8 . There are three major criteria for selection of a tomato cultivar viz higher solids, deep red color, and firm texture. On the basis of total soluble solids and sugar contents, the most acceptable cultivar was UC-828 followed by 8-2-1-2-5 and Castle Rock. Based on color at the ripe stage, 8-2-1-2-5 was most desirable followed by WIR-4329 and Castle Rock. The firmness of tomatoes was observed in descending order of WIR-4285, Pb Chhuhra, and Castle Rock. Considering all the parameters it can be concluded that Castle Rock is better variety among the cultivars under investigation.
